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INTRODUCTION 

A  pilot  plant  for  the  study  of  white  potato  starch  manufacture  and  the 
recovery  and  utilization  of  wastes  from  these  operations  is  now  under 
construction  at  the  Eastern  Regional  Research  Laboratory.  Delivery  on 
equipment  is  slow,  however,  and  it  will  be  many  months  before  significant 
data  can  result  from  our  studies  Because  the  problem  of  waste  disposal 
has  become  acute  in  the  Maine  potato  starch  producing  areas,  it  appears 
desirable  to  make  known  at  once  such  information  as  is  available,  even 
though  it  .is  fragmentary  and  does  not  represent  final  conclusions  re- 
sulting from  an  integrated  research  program. 

The  cost  estimates  given  here,  since  they  are  not  based  on  experiments 
designed  to  yield  reliable  cost  data,  do  not  necessarily  represent  the 
actual  cost  of  large-scale  operations.  They  are  given  merely  to  indicate 
the  order  of  magnitude  of  the  costs  and  to  show  that  the  recovery  and 
utilization  of  white  potato  pulp  may  be  profitable  as  well  as  helpful  in 
solving  the  problem  of  contamination  of  streams. 

Recovery  Process 

BACKGROUND:  -A -survey  made  during  the  summer  of  1947  of  European  prac- 
tices for  the  industrial  utilization  of  potatoes  revealed  that,  except  in 
small  factories,  the  pulp  from  potato  starch  manufacture  .is  almost  invar- 
iably pressed  and  dried  for  feed.  This  .is  done  even  where  no  attempt  is 
made  to  save  the  more  difficultly  recoverable  proteins  in  plant  effluents. 
Where  the  pulp  .is  not  dried,  the  wet  pulp  is  accumulated  and  used  locally 
by  farmers  for  hog  feed  In  Idaho  at  least  one  potato  starch  plant  is 
partially  dewatering  its  waste  pulp  and  selling.it  locally  for  dairy 
feed. 

The  pulp^  with  or  without  liming,  is  dewatered  in  roller  presses,  usually 
of  the  Buttner  type.  The  pulp  is  dried  in  a  variety  of  driers.  Buttner 
scraper- type  driers  .identical  with  those  used  for  drying  the  starch  have 
been  successful  --  also  direct-heat,  parallel-flow,  high- temperature 
driers  and  blast-type  flash  driers. 
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In  1942  under  this  Bureau's  direction  more  than  2  million  pounds  of  white 
potatoes  were  processed  for  starch  at  Laurel,  Mississippi,  in  a  plant 
customarily  used  for  sweetpotato  starch  production. 4  The  white  potatoes 
used  for  this  work  were  immature.  Their  moisture  contents  ranged  from  78 
to  82  percent  and  they  were  low  in  starcb-9  to  11  percent.  The  pulp  was 
limed  and  passed  through  a  dewatering  reel  and  then  two  roller  presses, 
which  reduced  the  moisture  content  to  about  72  percent.  In  other  work  at 
Laurel,  double-pressed  pulp  from  potatoes  harvested  throughout  the  season 
had  an  average  moisture  content  of  7C  percent. 

The  dewatered  pulp  was  then  dried  in  a  rotary,  steam-tube  drier.  No 
difficulties  were  encountered  in  these  operations,  and  the  product  is  re- 
ported to  have  been  "of  good  granular  consistency,  light  in  color  and  of 
agreeable  odor."    A  typical  sample  analyzed  as  follows: 

Percent 

Crude  protein  4.81 
Crude  fat  0.20 
Crude  fiber  7  97 

Kitrogen-free  extract  72-67 

Apparently  it  is  entirely  feasible  to  recover  white  potato  pulp  by  a  com- 
paratively simple  process  and  with  standard  equipment. 

PROPOSED  PROCESS:  From  earlier  Bureau  invest igat ions,  from  observation  of 
European  practices,  from  a  study  of  Maine  potato  starch  plants,  and  from 
experiments  at  this  Laboratory  on  liming,  dewatering  and  drying  white  po- 
tatoes, experience  has  been  gained  which  suggests  that  the  following  pulp 
recovery  procedure  could  be  adapted  for  use  in  the  white  potato  starch 
manufacturing  areas  of  this  country,  Figure  1  shows  the  process  diagram- 
matical ly  t 

The  pulp  leaving  the  starch  removal  screens  would  be  discharged  into  a 
tank  and  mixed  with  lime.  The  limed  pulp  would  be  partly  dewatered  on  a 
vibrating  screen  and  after  further  dewatering  by  pressing  would  be  dried 
in  a  steam-tube  rotary  drier.  The  equipment  called  for  here  is  that  re- 
quired to  handle  the  pulp  from  a  factory  producing  10  tons  of  white  pota- 
to starch  per  24-hour  day.  Such  a  factory  should  produce  about  2  tons  of 
pulp  at  10  percent  moisture. 

Tests  made  in  Maine  starch  plants  show  that  the  pulp  leaving  the  starch- 
removing  screens  .is  about  96  percent  water  and  4  percent  solids.  This 
.pulp  contains  pectin  and  other  constituents  which  make  it  difficult  to 
dewater  by  screening  and  pressing.  Lime  is  therefore  added  to  facilitate 
the  dewatering  of  the  pulp.  The  exact  amount  of  lime  required  for  good 
pressing  will  have  to  be  determined  by  tests  It  is  believed  that  an 
amount  equal  to  that  required  to  saturate  the  water  associated  with  the 
pulp  will  be  proper.  The  quantity  of  lime  will  not  be  objectionable  when 
the  pulp  is  used  for  feed      Liming  can  be  done  effectively  in  a  wooden 
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tank  equipped,  with  an  agitator  The  hydrat.ed  lime  can  be  fed  automati 
cally  at  a  rate  commensurate  with  the  rate  of  the  pulp  entering  the  tank. 
If  the  tank  has  a  capacity  of  1,000  gallons,  the  average  time  of  reten- 
tion will  be  about  half  an  hour..  Thus,  it  will  also  serve  as  a  reservoir 
to  equalize  discrepancies  in  operating  rates  in  the  starch  factory  and  in 
the  pulp- recovery  system. 

Limed  pulp  containing  96  percent  water  cannot  be  satisfactorily  handled 
.in  a  press  of  the  type  .it  is  proposed  to  use  Therefore,  some  dewatering 
should  first  be  done  on  a  shaker  screen.  This  can  be  of  the  same  general 
construction  used  .in  the  starch-screening  operations.  It  should  be  about 
4  feet  wide  and  10  feet  long  and  should  be  about  90  mesh.  This  should 
reduce  the  water  content  to  between  92  and  93  percent. 

Because  of  the  high  moisture  content,  -effective  dewatering  cannot  be 
accomplished  in  one  pressing;    therefore,    two  presses  must  be  used  in 
series,   or  arrangements  made  to  use  the  same  press  for  the  two  successive 
operations.     The  press  recommended  .is  a  continuous  rotary  type.     Since  in 
many  starch  plants  potato  grinding  and  screening  are  done  only  on  an  8 
hour  day, basis,   the  plan  suggested  here  is  to  use  two  presses  in  series, 
processing  the  entire  pulp  output  of  the  plant  as  fast  as   it  develops, 
that   is,    in  8  hours.      This   entails   using  two  small  commercial- s i ze 
presses.     'If,  however,   in  a  factory  with  a  capacity  of  10  tons  of  starch 
per  day,  grinding  .is  done  over  a  22- hour  period,  pulp  will  be  produced 
too  slowly  for  two  small  presses  to  handle  efficiently,.     Therefore,  tank 
capacity  of  about  9,000  gallons  would  have  to  be  provided  for  storing  the 
pulp  produced  during  a  14 -hour  period..     The  pulp  would  then  be  processed 
only  on  the  day  shift.. 

No  data  are  available  on  the  loss  in  solids  in  the  expressed  juice. 
Since  this  is  approximately  20  percent  in  whole  ground  potatoes,  it  prob- 
ably would  be  less  .in  pulp,  since  the  pulp  is  much  lower  in  soluble 
solids.  However,  in  calculating  the  costs  we  have  assumed  the  loss  to  be 
20  percent,  lit  was  also  assumed  that  two  press.ings  would  reduce  the 
moisture  content  to   70  percent 

The  pressed  pulp  can  be  fed  to  a  small,  rotary  steam  tube  drier,  which 
should  have  about  680  square  feet  of  tube  drying  surface,..  It  should  be 
about  4  feet  in  diameter  and  .50  feet  long  and  should  dry  the  pulp  from  a 
10-ton  starch  factory. in  about  8  hours.  Judging  by  experience,4  the 
product  should  be  of  good  granular  consistency,  with  a  light  color  and 
agreeable  odor, 

A  small,  direct-heat,  rotary  drier  should  also  prove  satisfactory  for 
drying  the  pressed  pulp.  A  single  pass  unit  of  this  type  operating  at  60 
percent  over  all  efficiency  and  having  a  drying  chamber  about  4  feet  in 
diameter  and  30  feet  long  should  dry  the  pressed  pulp  from  a  10 -ton 
starch  factory  in  about  8  hours.  In  the  absence  of  experimental  data, 
the  assumption  .is  made  that  the  drying  characteristics  of  the  pressed 
pulp  are  about  the  same  as  those  of  pressed  potatoes.  Actually  the. pulp 
may  dry  more  readily  than  the  potatoes.  Although  drying  potato  pulp  in  a 
direct-heat  drier  would  probably  not  constitute  so  great  a  hazard  as  dry- 
ing the  ground  potatoes  themselves,  nevertheless  the  dried  pulp  contains 
more  than  4-0  percent  starch  on  a  moisture  free  basis,  and  hence  direct 
heat  drying  .is  not  entirely  free  of  explosion  hazard.  Therefore,  .it 
would  be  undesirable  to  locate  the  drier  .immediately  adj acent  to  other 
buildings . 
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The  estimated  cost  of  a  steam  tube  drier  for  this  plant  is  about  $6800 
Where  it  is  necessary  to  install  a  boiler  to  supply  steam,   the  cost  of 
the  steam-tube  drier,  boiler  and  boiler  housing  would  be  about  $9550.  A 
small,   direct-heat,   single  pass,   rotary  drier  for  the  same  plant  would 
cost  about  $7500. 

The  calculated  capital  cost  for  a  plant  where  steam  is  available  without 
expanding  boiler-house  facilities  is  shown  in  table  2  to  be  $26,057.  If 
an  additional  boiler  is  required,  the  capital  cost  would  be  $28,807. 
Where  a  direct-heat  drier  is  useds  the  cost  is  $37,316.  Thus,  where 
boiler  capacity  is  available,  the  capital  cost  for  the  plant  using  a 
steam-tube  drier  is  about  $1300  less  than  a  plant  which  uses  a  direct- 
heat  drier.  Where  sufficient  boiler  capacity  is  not  available,  the 
direct-  heat  drier  installation  will  cost  about  $1500  less  than  the  steam- 
tube  drier  plant. 

Feed  Value  of  Product 

Sufficient  quantities  of  dried  waste  from  white  potato  starch  factories 
have  not  been  available  for  large-scale  feeding  tests,  in  which  its  feed 
value  could  be  evaluated.  Some  informal  feeding  trials  indicate  that  the 
dried  pulp  is  readily  eaten  by  cows. 

In  order  to  indicate  the  probable  value  of  dried  potato  pulp,  prices  for 
feed  stuffs  of  similar  composition  are  given  in  table  1. 

Table  I 

Composition  and  Price  of  Various  Pulp  Feeds 


Selling  price. 


Dried  potato  pulpJ 

o 

Dried  citrus  pulp 

Q 

Dried  beet  pulp 


Crude 
protein, 

% 

Crude 
fat, 

Crude 
fiber, 

Nitrogen- 
free  ex 
tract,  $ 

$  per  ton 
(f.  o.b.   point  of 
origin) 

4.81 

0.  20 

7.97 

72.  67 

45.  0  (assumed 

value) 

5.50 

2.  50 

10.  50 

62.00 

45.  0 

9.00 

0.80 

18.80 

59.  90 

60.0 

Unpublished  reports  of  SweetPotato  Products  Division ,  Southern  Regional  Research 
Laboratory . 

Analysis  "Texsun."  dried  citrus  pulp,  "Industrial  and  Engineering  Chemistry,"  10, 
377,  1918.  Selling  price  f.o.b.  Rio  Grande  Valley  shipping  points,  "Feedstuff s ," 
20,  79,  March  6,  1918. 

Analysis  dried  beet  pulp,  "Feeds  and  Feeding,"  Motrison,  Ed.  20,  p.  978.  Selling 
price  at  Ogdon,  Utah,   "Feedstuff s ,"  20,  p.  79,  March  6,  1918. 


.  5 

Based  on  composition  alone,   dried  potato  pulp  might  be  expected  to  com- 
mand a  price  of  about  $45,00  a  ton.     However,    in  Maine  there  is  a  demand 
for  cattle  and  poultry  feed  in  excess  of  the  local  supply,   requiring  im- 
portation of  such  materials  at  high  freight  rates.     Thus,   locally  pro- 
duced potato  pulp  might  well  command  a  price  above  $45.00  a  ton. 

Conclusions 

From  the  best  information  available  at  this  time,  it  can  be  assumed  that 
the  cost  of  producing  dried  potato  pulp  would  be  about  $37.00  to  $40.00 
per  ton,  depending  on  the  method  of  drying  .  employed  (table  3),.  Since  the 
estimated  selling  price  is  above  these  figures,  .it  appears  that  pulp  re- 
covery would  be  a  profitable  undertaking.  The.  capital  .investment  neces  - 
sary to  recover  the  pulp  from  a  plant  producing  10  tons  of  starch  per  day 
would  range  from  approximately  $26,000  to  $31,500,  depending  on  the  type 
of  drier  used  (table  '2)  ,  The  return  on  the  investment  can  be  estimated 
only  when  the  local  selling  price  .is  known,.  Based  on  a  selling  price  of 
$45.00  per  ton  f.o.b.  factory,  the  return  on  the  investment  would  be 
about  6  to  12  percent,.  This  includes  all  costs  except  selling  costs. 
For  emphasis  .it  should  be  repeated  that  these  figures  are  based  on 
assumptions  and  not  on  experimental  data.  Should  the  loss  of  pulp  on 
pressing  exceed  34  percent  in  the  process  which  uses  a  steam  tube  drier 
(where  steam  is  available)  or  28  percent  for  the  direct-heat  process,  it 
might  not  be  a  profitable  business. 

The  removal  of  pulp  from  the  starch  plant  effluents  will  lessen  the  now 
serious  problem  of  stream  contamination,, 

Cost  Calculations 

Cost  estimates  are  based  on  the  assumption  that  the  pulp-recovery  plant 
will  operate  200  days  each  year.  They  are  also  based  on  the  following 
four  assumed  operating  conditions: 

Case  I,  The  starch  factory  has  sufficient  boiler  capacity  to  operate 
the  steam  tube  drier  and  that  space  .is  available  to  house  all 
equipment  except  the  drier. 

Case  XI.  A  boiler  must  be  supplied  to  furnish  steam  for  the  steam-tube 
drier  and  that  space  is  available  to  house  all  equipment  ex- 
cept the  boiler  and  drier. 

Case  III-  Sufficient  boiler  capacity  is  available  to  operate  the  steam- 
tube  drier  and  that  a  building  must  be  erected  to  house  all 
equipment , 

Case  IV.  The  starch  factory  has  space  available  to  house  all  equipment 
except  the  direct- heat  drier. 

Data  for  these  four  cases  are  given  in  summarized  form  .in  table  3.  The 
detailed  calculations  on  file  at  the  Eastern  Regional  Research  Laboratory 
are  too  voluminous  to  be  included  here, 


6 


CO 

cvf 


o 
o 

6 

cv> 


O 
O 

d 

(A3 


o 
o 

tO 

OS 

CO 


8 

CD 

O 

lO 

CM 

O 

t> 

OS 

CO 

CO 

o 

CO 

o? 

O- 

1 — 1 

CO 

c > 

CO 

o 

CO 

o- 

lO 

lO 

CM 

CO 

co 

£> 

CO 

rH 

O 

CD 

o 

LO 

CO 

o 

O 

CO 

CO 

o 

co 

d 

o- 

r-i 

co 

o 

CD 

CO 

O- 

lO 

LO 

CV2 

CO 

o- 

CO 

o 

CO 

, — 1 

r>_ 

O 

CD 

O 

lO 

CO 

O 

O 

O- 

cr> 

CO 

CO 

O 

cd 

0s. 

o 

rH 

CO 

d 

t> 

CO 

O 

lO 

lO 

CO 

cu 

o- 

CO 

o 

co 

rH 

r>-~ 

O 

co 

O 

lO 

CO 

O 

O 

rs 

CT> 

CO 

CO 

z. 

CO 

d 

C> 

rH 

CO 

CD 

CV2 

LO 

2 

co 

CO 

co 

D- 

CO 

iH 

r>- 

o 
o 

d 
o 
to 


o  o 

tO  o 

£>  d 

en  r> 


tO 


o 

o 

o 

O 

o 

to 

o 

o 

8 

o> 

d 

d 

co 

rH 

rH 

to 

ciT 

o 
o 

s 

o 
o 

8 

d 

d 

d 

o 

OS 

r>- 

<# 

CO 

rH 

rH 

tO 

o 

o 

o 

o 

o 

to 

o 

o 

d 

t> 

d 

d 

o 

en 

t>- 

CO 

rH 

rH 

tO 

CD 

co  co  co 

CO 

CO  CO  ^ 

CM  CD  to 

CD  lO  t>- 


CO  O  CO 

co 

CO  CO  CT> 

CVJ  CD  CO 

cD  tO  lO 


00  CO  CO  o 

^  00  ^  o 

CD  CO  d 

C\2  CD  CO  lO 

CD  tO  iO  O- 

^  co 


co  co 

CO 


CD  CO  Q> 
CO  CD  00 
CO  tO  lO 


CD 
rH 

CO 


t> 

CO 


co 
co 
to 


co 


t>- 

CO 

co" 

CO 


O- 
tO 

o 

co" 

C\2 


Ph 


U 
0 
P 


Ph 


u 

ft 

rH 

CD 

CO 

•rH 

3 

P 

u 

CT 

CO 

CD 

CO 

lO 

rH 

ri 

g 

rH 

O 

o 

"CD 

P 

CO 

P 

rH 

a 

rH 

rH 

O 

rH 

tiD 

tiO 

0 

s 

CO 

P 

-P 

G 

g 

•rH 

u 

•rH 

•rH 

CD 

cd 

CO 

ft 

O 

a 

p 

3 

B 

O 

•H 

CO 

3 

O 

3 

Xi 

O 

rO 

X 

xi 

G 

Oh 

O 

fn 

T3 

•rH 

P 

i-f 

3 

G 

U 

rH 

(H 

•H 

P 

CO' 

o 

o 

3 

CO 

CH 

Cm 

rH 

b0 

CO 

rH 

O 

3 

G 

c 

G  • 

•  H-H 

X5 

CO 

o 

p 

S  a 

•rH 

rH  rH 

•i-i  -rH 

CQ  fx, 


0  cx 
cr 


U 
P 
« 

O 


P  P 

CO 

O  -rH 

O  bO 
2=  < 


CD 


tO 

rM 

p 

te: 

O 

CO 

rH 

P 

■P 

U 

CO 

CD 

•M 

CO 

>5 

G 

p 

CD 

CD 

P 

o 

CO 

CP 

CO 

CO 
CO 

X0 

x; 

o 

-a 

CD 

CO 

u 

fn 

iH 

rH 

rH 

ft 

0 

O 

X 

CO 

a, 

0 

CO 

ft  p 

P 

o 

O 

>j 

rH 

T3 

E 

rH" 

rH 

G 

CD 

CO 

P 

> 

3 

G 

P 

P 

CO 

•M 

O 

Ph 

CD 

u 

O 

p 

ft 

CD 

a 

u 

-a 

CO 

fn 

-p 

G 

rH 

D 

o 

CO 

CO 

CO 

o 

C 

CO 

G 

ft  CO 

o 

CO 

ttO 

rT 

> 

P 

o 

G 

Q 

0 

•rH 

p 

•M 

H1 

CO 

c 

P 

O 

0 

Ph" 

CO 

e 

G 

E 

rn" 

rH 

0 

rH 

O 

0 

X> 

O 

•rH 

o 

1 

rH 

rH 

C\3 

Q 

P  X3 
•m  M 

O  -H 

CO  X 

ft 

CO  P 
O  0 

0 

— -  T3 

0  G 

G  3  CD 

O  O 

rH  ft  - 

o   i  u 

>3  O  0 

OOP 
— '  O  0 

X!  u  lO  3 

O  O  -rH 
P    P        r  rfj 

•M    O  c 

£     0    -rH  -M 

CO  H  d) 

rH  a) 

■tl    O  CSJCh 

G    O  C 

CO  -H  tO 

P  tiD 

CO  C<0 


G 

o 

•H 
P 

4^  CO 

SH  rH 

O  rH 

S  CO 


P  CO 

O  G 

3  "rH 

T3  r-: 

C  O 

CO  ^ 


-  P 

CO  o 

0  3 

> 
I — I 

CO  X3 

>  G 

0  0 

ft  &, 

•rH  .rH 

Ph  Ph 


3  CO 

cr  3 
0  O 
X 

Cm 

O  T3 

G 

G  co 


P  0 

0  rH 

0  -M 

R  O 


rH 
CO 
P 

o 

tH 


7 


*■ — ' 

, — | 

to 

„  1 

1  1 

LO 

o 

lO 

co 

CD 

t-H 

LU 

CO 

cS 

CD 

CO 

CO 

f  J 

rH 

, — 1 

o 

Q 

1 — 1 

Q 

lO 

NJ ' 

lO 

O 

LO 

CO 

o 

o 

rH 

a> 

LU 

CO 

CO 

CO 

L.  J 

L?  J 

C  J 

1  j 

1 

o 

o 

o 

rH 

o 

CAJ 

CO 

O 

lO 

o 

lO 

CO 

o 

o- 

CO 

CD 

CO 

oi 

CD* 

CO 

CO* 

w 

co' 

co 

«s 

H 

rH 

(- 

o 

LU 
LU 

3: 

CO 

CO 

<u 

(- 

CO 

o 

o 

O 

H 

O 

lO 

rH 

CD 

.£2 

o 

lO 

o 

LO 

CO 

O 

CD 

vD 

W 

<0 

o 

LU 

t— 

CO 

c\j 

CD 

CO 

CO 

C\2 

co' 

>- 

<* 

rH 

rH 

< 

ZD 

CO 

CO 

rH 

cn 

8 

C\2 

H 

CT) 

CO 

LO 

LO 

rH 

CD  CT>  CD 
^  rH  CV! 


O 
rH 


O 
rH 


CO 


-P 

CO 

o 

o 

P 

CD 

O 

e 

rQ 

•rH 

cO 

p 

t-1 

CO 

0 
^1 

P 

> 
O 

r»» 
P 

o 

-p 

o 

CO 


P 

>j  CO 


p 

CO  o 

fcifl  CD 

CO  P 

CQ  -H 

P 


0 

co 

£  Pi 

O  CD 

•H  ft 

CO  W 

■H  © 

P  P 
CD  O 
ft  CD 

n  fn 

CO  -H 

P 
H 


CD 
O 
P 
CO 
P 

CO 

p 

P     P,  -H 

•h  e 

Pi  O  P 
3    O  P 

o 

CD  CO 
P  CO  - 


0 


CQ 


P  o 


CD  i — I  CD  i — I 

co  p  co  S  ft 

0     0  -H  ^  £ 

><!  p  0  P  0 

CO   P  O  O  P 

Eh  H  CO  ^  p 


O)  m  Oi 


CD  CJ>  CO 
O  H  W 

CO  tO  Cft 


i — I  OI  0 
CO  rH  Cv! 

MO  O) 


P 
CO 


CO 

ft 

© 
P 

fl  * 

o  0 

•rl     O  CO 

p    P  rH 

CO   cO  cO 

•H     P  £ 

O    0  0 

0  p  p  p 
p  p  0  0 

ft  tH     P  g 

CD  co  o 
OS  ft 


lO 


0 
co 

fi 
0 
ft 
X 

0 

>5 
P 

o 
p 
0 
CO 
ft 

co 
P 
o 
0 
a 

CO 


a  0 

CO  CJ 

0i — i  co 

P    -rH  -H 

CO  o  s 


o 

CO 

CO 
lO 


CT> 

CT. 


LO 

LO 


CD 


co 
to 


rH 

CD 


rH 
LO 


id 
cO 
0 

£ 

0 
i> 
o 

>> 
p 
o 
p 

CJ 
CO 

<p 


cO 
p 
o 


CO 


CD 


cD 
lO 

^" 


CO 
rH 


o 

D- 


P 
CO 

o 
0 

>> 
p 
o 
p 
0 
CO 
ft 


